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1) It is said that culturable bacteria compose a fecal flora of only 20-30% despite the progression of the cultivation technology. 2, 3) In order to understand a relationship between physical condition of host human and intestinal microbiota, many kinds of culture independent methods such as fluorescent in situ hybridization (FISH), terminal restriction fragment length polymorphism (T-RFLP), and clone library method have recently been conducted. 1, [4] [5] [6] Moreover, large scale and time-consuming molecular analysis like metaHIT using pyrosequencing method has been performed to comprehensively analyze intestinal microbiota. 7) These reports showed that intestinal microbiota was unique to the individual, and that it was different even between family members. 3, 8, 9) From birth to one year old, the infant intestinal microbiota progresses to a mixture of bacteria that is very similar to the adult intestinal microbiota. This is because the infant depended on breast feeding and the children had been independent from breast feeding. 10) Diet is considered one of the main factors contributing to the diversity of human intestinal microbiota. 11) Furthermore, antibiotics administration changes distinctly the diversity of the intestinal microbiota and influences on the host metabonome. 12) Change of intestinal microbita by antibiotics administration causes an increase of the pathogenic bacteria (such as Bacteroides fragilis and Clostridium difficile) [13] [14] [15] and susceptibility to enteric pathogens. 12) If intestinal microbiota is evaluated promptly, it would be useful for medical care and prevention of hospital-acquired infection. We have designed a convenient clone library method to analyze 96 clones from each sample and evaluated the dominated bacterial composition. [16] [17] [18] Until now, the small number of fecal samples of Japanese healthy adults was analyzed, 8, 9) and Japanese fecal microbiotas have not been analyzed enough yet.
In this study, using our clone library method, we analyzed microbiota of 58 fecal specimens, which were collected twice at an interval of 5 months from 29 healthy Japanese adult volunteers. Based on these data, an effect of antibiotic treatment of beta-lactam and macrolide on fecal microbiota was evaluated.
MATERIALS AND METHODS

Sample Collection
This study was approved by the Research Ethics Committees and Clinical Trial Section of Kitasato University, Kitasato Institute Medical Center Hospital and all subjects gave written informed consent.
Fifty-eight fecal samples were used, which were collected twice at an interval of 5 months, from 29 healthy Japanese adult volunteers (10 men and 19 women, 26 to 49 years old (mean 37.7Ϯ5.4)). These healthy volunteers did not use pharmaceuticals regularly and the values of 18 blood tests were within three SD from the upper or lower limit of normal values (white blood cell, lymphocyte, cluster of differentiation (CD)2, CD20, CD4, CD8 positive white blood, red blood cell, hemoglobin, hematocrit, platelet, aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase, highdensity lipoprotein cholesterol, low-density lipoprotein cholesterol, triglyceride, creatinine, and hemoglobin A1c). Though 30 volunteers participated at the first sampling, one volunteer was out of the study because of healthy problem at the second sampling. Finally, 29 volunteers participated in this study.
Eighteen samples treated by antibiotics were collected from 5 Japanese men (from 1 to 74 years old). The A-D, and the E-G subjects were treated with beta-lactam and macrolide, respectively. The A and F samples were obtained from the same person. The B and G samples were also obtained from the same person. Samples were obtained before, during, and after beta-lactam (FRPM: Faropenem, CFDN: Cefdinir, SBT/ABPC: Sulbactam/Ampicillin, MEPM: Meropenem, SBT/CPZ: Sulbactam/Cefoperazone) or macrolide (CAM: Clarithromycin) administration, respectively (Table 2) . Fecal samples were collected in sterile tubes and immediately stored at 4°C within 7 d until analysis. A stool sample (0.1 g) was suspended in 3 ml of DNA extraction buffer (100 mM Tris-HCl, pH 8.0, 200 mM sodium ethylenediaminetetraacetic acid (EDTA)-2Na) and vortexed for 30 s. After the treatment with Astrason XL-2020 ultrasonic processor (Misonix, Farmingdale, NY, U.S.A.) for 15 s, the suspension was diluted 400 times with the DNA extraction buffer. The suspension was used for cell counting and for DNA extraction.
Epifluorescence Staining Method The feces suspension (100 ml) was combined with 900 ml of EtBr solution (100 mg/ml in 0.1 M phosphate pH 8.5 buffer, 5% NaCl, 0.5 mM sodium EDTA) at room temperature for 10 min. In order to collect bacterial cells, the combination (1.0 ml) was then filtrated through a pore-filter of 0.2 mm (Millipore, Bedford, MA, U.S.A.) and was rinsed once with 3.0 ml filtered water. A filtered immersion oil on non-fluorescent slide glasses was used to fix the filters. Bacteria-shaped objects were observed by an Olympus BX50 microscope (Olympus Optical, Tokyo, Japan) and were counted from 30 randomly selected fields per slide. The number of bacteria per gram of fecal sample was calculated.
DNA Extraction Method A feces suspension (900 ml) was mixed with 100 ml of 30% sodium dodecyl sulfate (SDS) solution and approximately 0.3 g of mixture of glass beads that consisted of equal weights of 0.1 mm-and 1 mm-diameter beads in a 2.5 ml polypropylene-tube. The mixtures were strongly shaken by a Micro Smash MS-100 apparatus (Tomy Seiko Co., Ltd., Tokyo, Japan) for 5 min at 4500 rpm. The supernatant was collected by centrifugation at 20000 g for 5 min at room temperature and transferred to a fresh tube. This DNA extraction procedure was carried out three times. The three supernatants were combined and extracted with an equal volume of phenol-chloroform-isoamyl alcohol (25 : 24 : 1, v/v). The DNA in the aqueous phases was concentrated to 30 ml of TE buffer using Montage polymerase chain reaction (PCR) centrifugal filter device (Millipore, Bedford, MA, U.S.A.).
Clone Library Construction and Nucleotide Sequencing Analysis This examination was performed as described previously. 16, 18) Using the extracted DNA as a template, a fragment of the 16S ribosomal ribonucleic acids (rRNAs) gene (550 bp) was amplified with universal primers, E341F (5Ј-CCTACGGGAGGCAGCAG-3Ј) and E907R (5Ј-CCGT-CAATTCMTTTRAGTTT-3Ј).
19) The PCR amplification was performed with AmpliTaq Gold DNA polymerase using a GeneAmp PCR system 9700 thermocycler (Applied Biosystems, Foster City, CA, U.S.A.). Cycling condition was 96°C for 5 min, followed by 30 cycles of 96°C for 30 s, 53°C for 30 s, and 72°C for 1 min, with a final elongation step at 72°C for 7 min. The PCR products were confirmed with a 2.0% agarose gel electrophoresis.
The PCR products were cloned into Escherichia coli TOP10 cells using a TOPO TA Cloning kit (Invitrogen, Carlsbad, CA, U.S.A.). For nucleotide sequencing analysis, a total of 96 white colonies from each sample were randomly selected. To prepare a template for sequencing analysis, the inserted PCR product was amplified with M13 forward and reverse primers. The aliquot (1 ml) was used for the sequencing reaction after primers and deoxynucleoside triphosphate (dNTP) were eliminated from the PCR mixture with an ExoSAP-IT (USB, Cleveland, OH, U.S.A.). Sequencing reactions were carried out with the M13 forward primer and BigDye Terminator v3.1 Cycles Sequencing Kit (Applied Biosystems). Nucleotide sequences were determined by a 3130xl Genetic Analyzer (Applied Biosystems).
Quality checking and trimming of nucleotide sequences were performed by DNASIS Pro software (Hitachi Software Engineering, Tokyo, Japan). Highly accurate sequences selected by PHRED quality value were trimmed from the primer and vector regions. In order to exclude chimeric sequences, nucleotide sequences were analyzed with a chimera check program of Bellerophone. 20) The homology search was performed with the BLAST algorithm, using an in-house database based on the sequences of type strains obtained from Ribosomal Database Project (http://rdp.cme.msu.edu/).
Statistics Principal component analysis (PCA) is able to find embeddings of multivariate data, in a way that optimally preserves the structure of the data. 21) The central idea of PCA is to reduce the dimensionality of a data set in which there are a large number of variables, while retaining as much as possible of the variation present in the data set. This reduction is achieved by transforming to a new set of variables, the principal components (PCs), and which are ordered so that the first few retain most of the variation present in all of the original variables. 22) In order to visualize the complicated data of microbiotas, PCA map was composed by PC1 and PC2 in two dimensions. PC1 and PC2 were selected to explain approximately 50% of the variance. Each sample has own principal component scores and was plotted in PCA map. In this study, PCA based on the proportion of the genus was performed to compare the fecal microbiota. R software version 2.9.1 (http://cran.r-project.org/) was used for the PCA.
RESULTS
Bacteria Counts and the Composition of Genus in Fecal Microbiota of the 29 Healthy Japanese Subjects
The number of bacterial cells in each fecal sample was counted by an epifluorescence staining using EtBr (Table 1) . Bacterial cells were 6. (Table 1) , and their homologies were referenced with the databased type strains. The total number of clones tested was 5112. Numbers of clones presenting more than 80%, 90%, and 95% homology to databased type strains were 5073 (99.2%), 4933 (96.5%), and 3872 (75.7%), respectively (data not shown). In order to cover as a wide range of clones as possible, the 80% homology was adopted, hence the genus level was used for further analyses. The clones of less than 80% homology were grouped as 'Unclassified bacteria.' The detected count of each categorized level of total samples was: 5 phyla (2-5, mean 3.2 per sample), 9 orders (3-7, mean 4.9), 14 classes (3-8, mean 5.2), 26 families (5-13, mean 8.4), 62 genera (6-20, mean 11.2), and 172 species (13-38, mean 26.3) . Figure 1 shows the percentage of genera in each sample in 29 healthy Japanese adults. Genera Ruminococcus, Bacteroides, Clostridium, Faecalibacterium, and Prevotella were dominative, and were detected at 5-60%, 0-60%, 2-34%, 0-35%, and 0-54% in each sample, respectively. The genera which made up less than 5% in any of the samples were shown as 'Others.' In the first and the second collection, the average detected number of genera was 11.3 and 11.0, respectively ( Table 1) .
The average percentages in first and second collections showed that the genera of Ruminococcus (21.9, 21.0%), Bacteroides (15.8, 19 .7%), and Clostridium (13.1, 12.9%) were dominative, and the total sum of the three genera accounted for about 50%. Following these three genera, genera Faecalibacterium (8.7, 9.3%), Prevotella (8.2, 6.3%), and Eubacterium (6.7, 6.8%) were detected. Numbers of the samples which possessed the genera Ruminococcus, Bacteroides, Clostridium, and Eubacterium were 58 (100%), 56 (96.6%), 58 (100%), and 55 (94.8%) samples, respectively. However, the Prevotella genus was detected in only 18 samples (31.0%) of 9 subjects (sample No. 2, 4, 7, 17, 18, 25, 26, 27, 28) . Interestingly, all 9 subjects from whom the genus Prevotella was detected were the same subjects across the 5 months interval.
The Principal Component Analysis of the 29 Healthy Japanese Adults In order to visualize the variability between the fecal microbiotas of 29 healthy Japanese adults, a principal component analysis (PCA) was performed based on the results in Table 1 (Fig. 2 ). There are three major eigenvectors (the genera Prevotella, Ruminococcus, and Bac- The stacked bars represent the composition of first (A) and second collection (B) sample of 29 healthy Japanese adults, respectively. X and Y axis represent sample number and percentage of each genera, respectively. 'E. I. S.,' 'Others,' and 'Unclassified bacteria' are described in the footnote of Table 1 . 
) E. I. S. is the abbreviation of Erysipelorichaceae Incertae Sedis. d) 'Others' includes gen-
era with proportions less than 5%. e) 'Unclassified bacteria' means the clones whose nucleotide sequence homologies with the data base were less than 80%. f ) 'Number of clone tested' indicates number of the clones whose nucleotide sequences were obtained successfully. Total numbers in first and second collection were 2558 and 2554, respectively. g) PCA group was characterized by pricipal component analysis. P, R, and B are the abbreviation of Prevotella, Ruminococcus, and Bacteroides, respectively. h) An asterisk shows the case that the PCA groups were different between the first and the second samples.
teroides) and three minor eigenvectors (the genera Faecalibacterium, Clostridium, and Erysipelorichaceae Incertae Sedis (E. I. S.)).
According to the distances between samples and three major eigenvectors, the 58 samples separated into three groups (Prevotella group: P-group, Ruminococcus group: R-group, Bacteroides group: B-group). Differences between the P-group samples and other samples were captured largely by the PC1, which accounted for 34.0% of all variability of all samples. The R-group samples separated from the B-group samples primarily along PC2, which accounted for 22.3%. Concerning the three grouping, 29 samples of the first collection distributed to 9 in P-group, 9 in Rgroup, and 11 in B-group (Table 1) . Twenty-nine samples of the second collection distributed to 8 in P-group, 6 in Rgroup, and 15 in B-group (Table 1) . In total, 58 samples distributed to 17 (29.3%) in P-group, 15 (25.9%) in R-group, and 26 (44.8%) in B-group. Of them, the numbers of subjects whose dual samples belonged to the same group (P, R, or B) were 7, 5, and 10, respectively. Totally, the dual samples of 22 of 29 subjects tested (76%) belonged to the same group. The dual samples of the remaining 7 subjects belonged to different groups; 3 subjects (No. 1, 16, 22) from R to B group, 1 subject (No. 19) from R to P group, 2 subjects (No. 27, 28) from P to B group, and 1 subject (No. 12) from B to R group. Effect of Antibiotic Treatment on the Intestinal Microbiota Samples A-D and E-G were treated with betalactam and macrolide, respectively. Bacterial cells were 9.0ϫ10 7 -2.5ϫ10 11 /g in 18 samples and the total number of clones tested was 1629 (clones tested per sample were 78-95) ( Table 2 ). Before antibiotic administration (A1, B1, E1, F1, G1), genera Ruminococcus, Bacteroides, and Clostridium were dominative, and were detected at 17-46%, 7-43%, 4-21% in each sample, respectively (Table 2) (Fig. 3A) .
Genus Prevotella was not detected in any samples. By betalactams administration, the genus Enterococcus dominated the microbiota (over 75%) in the sample A2, C, and D, and the genus Bacteroides dominated (84%) in the sample B3. By macrolide administration, the genus Streptococcus dominated the microbiota (80%) in the sample F2. On the other hand, the microbiotas were not different between before and after administration in the case E and G. In order to compare between the microbiotas treated with antibiotics and those of healthy adults, PCA was performed based on the results of healthy samples (Table 1 ) and antibiotic treatment samples (Table 2) (Fig. 3B) . The prominent eigenvectors were the genera Enterococcus, Bacteroides, Ruminococcus and Prevotella. Samples of healthy adults were distributed from the middle lower area to the right upper in the PCA map. Before antibiotic administration, A1, B1, E1, F1 and G1 were plotted at the similar location to those of healthy adults. Samples just after beta-lactams administration (A2, B3, C, D) were spotted outside of healthy samples area. After administration, A3 (20 d later) and B4 (6 d later) returned to the healthy adult area. On the other hand, macrolide treatment showed the effects depending on the cases. E and G samples located just within the area which healthy adult samples distribute, despite antibiotic administration. However, F samples were spotted on the left lower of the PCA map.
DISCUSSION
It is important to know interpersonal variability and intrapersonal stability of intestinal microbiota at healthy condition as a benchmark for understanding of contribution of intestinal microbiota to the host human physical condition. If the assessment is available for daily diagnosis, it would be helpful for medical care. In this study, we analyzed intestinal mi-Principal component (PC) 1 (accounting for 34.0% of inter-sample variation) separates the Prevotella group from the Ruminococcus and Bacteroides group, while PC2 (accounting for 22.3% of inter-sample variation) separates the Bacteroides group from the Ruminococcus group. Three black arrows (Ruminococcus, Bacteroides, and Prevotella) and three gray arrows (Clostridium, Faecalibacterium, and E. I. S.) represent the major and minor eigenvectors, respectively. Each sample has its own principal component (PC) score based on the output of R software. Samples were plotted according to their PC score. For example, PC score of No. 7 sample of second collection was Ϫ0.46 and Ϫ0.03 in PC1 and PC2, respectively. The distance between samples and three major eigenvector was calculated, and samples were categorized into three circled groups (P-, R-, and B-groups). Black squares, black diamonds, white squares, white diamonds represent male samples of first collection, male samples of second collection, female samples of first collection, and female samples of second collection, respectively. Number of each symbol shows the sample number shown in Table 1 . Table 2 
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Percentage of genera . g) A sampling day before and after antibiotic administration represents minus and plus, respectively. The same day but just before administraion represents zero. h) The day when the antibiotics was administered is shown. i) Notes of these items are shown in Table 1 .
crobiotas of dual samples with 5 months interval from 29 Japanese healthy adults and antibiotic treated subjects using our clone library method, and showed the potential usefulness of our method for daily medical care. Our tested 5112 clones belonged to the phyla Firmicutes (68.5%), Bacteroidetes (26.5%), Actinobacteria (2.8%), Proteobacteria (1.4%), Fusobacteria (0.1%), Unclassified bacteria (0.7%). These percentages are highly similar to the report which was obtained from 10456 16S rRNA sequences of fecal samples from 17 healthy adult volunteers. 6) The report showed that Firmicutes (79.4%), Bacteroidetes (16.9%), Actinobacteria (2.5%), and Proteobacteria (1%) were detected. Moreover, they reported that the dominant and prevalent genera were Clostridium, Faecalibacterium, Ruminococcus, Eubacterium, and Bacteroides. Our data also revealed that the genera Ruminococcus, Clostridium, Bacteroides, Eubacterium, and Faecalibacterium were prevalent and were detected in 58 (100%), 58 (100%), 56 (97%), 55 (95%), and 51 (88%) samples, respectively. These results suggest that the number of clones tested and the 550 bp of fragment used in this study is sufficient to understand the overview of diversity at the genus level. Table 2 . Four cases (A-D) are treated with beta-lactams, and three cases (E-G) with macrolides. Up-pointing arrows represent antibiotic administration, and B2 and G2 were sampled during antibiotic administration. (B) Principal component analysis (PCA) based on the results healthy adults (Table 1 ) and antibiotic treatment group (Table 2 ). PC1 and PC2 accounted for 29.4% and 19.8% of inter-sample variation, respectively. Black arrows represent the prominent eigenvectors. White markers and black markers represent samples treated with beta-lactams and macrolides, respectively. Small black squares represent samples of healthy adults.
De Filippo et al. compared the fecal microbiota of European children and rural African children.
11) African children showed a unique abundance of bacteria from the genus Prevotella and Xylanibacter, completely lacking in European children. The diet of African children is low in fat and animal protein and rich in starch, fiber, and plant polysaccharides. Their results indicated that the diet is the main causative factor of the difference between African and European children. On the other hand, Ueki et al. reported that the genus Prevotella has been detected from only mammalian sources, but recently a novel species belonged to the genus Prevotella has been isolated from rice plant residue and living rice roots from irrigated rice-field soil in Japan. 23) In our results, the genus Prevotella was detected in dual samples of 9 subjects (approximately one-third (9/29)), but not in dual samples of the remaining 20 subjects. This distribution of the genus Prevotella in healthy Japanese adults was different from those of African and European children. In the previous study intended for 3 healthy Japanese adults, the genus Prevotella was found in one subject. 8) This frequency corresponded with our data. Our results indicated that Japanese diet weaves African style with European style.
A fecal microbiota is a complex ecology and is composed of various kinds of bacteria. Therefore, multivariate statics are necessary for dimentional reduction of the data from fecal microbiota in order to compare the similarities between bacterial microbiotas. PCA is one of multivariate statics, and it can visualize the complicated and diverse sample data such as microbiota. PCA has also been used in other studies of intestinal microbiota. 24) In this study, an overview by PCA revealed that fecal microbiotas were differentiated by the three major eigenvectors (genera Ruminococcus, Bacteroides, and Prevotella). In term of the three PCA groups, the dual samples of 22 subjects (approximately 80% of 29 subjects) belonged to the same group. This suggests that most of individuals have their own unique and stable microbiota. Costello et al. have reported similar result from analysis of bacterial community in 9 subjects. 25) We have also examined microbiotas of fecal samples treated with antibiotics, and analyzed the microbiotas before, during and after the treatment. Before antibiotic administration, despite the large difference of age (1-74 years old), samples of adults and children were distributed in the similar area to healthy adults. Kurokawa et al. compared the fecal microbiotas of 7 adults and 2 children (1.5-45 years old) with those of four infants (4-7 months old) using metagenome analysis. 9) Their results indicated that all microbiotas from the adults and children belonged to a similar group, while those from the infants were highly divergent from those of the adults and children. It has been reported that antibiotic administration caused alteration of intestinal microbiotas, and the effect depended on the kinds of the antibiotics. 26) Our results showed four subjects of intestinal micriobiotas after beta-lactam administration were dramatically changed. Of them, three subjects changed to the genus Enterococcus dominant microbiota, which were similar to the previous report, 27) while the remaining one changed to the genus Bacteroides. Jakobsson et al. have reported that macrolide administration caused drastic change and extremely dominancy of the genus Enterococcus in fecal microbiota. 28) However, drastic change was not found in our two cases. The accurate evaluation of the effect of macrolide would need analysis of more samples. After antibiotic administration, intestinal microbiotas could return within 6-20 d and these results were similar to previous reports. 24, 29) Therefore, the method in this study showed potential availablity to detect the abnormality occurring in those fecal microbiotas caused by extraneous factors. This is the first report of a large-scale (dual samples of 29 subjects at 5 months interval) analysis to evaluate the fecal microbiotas of the Japanese healthy adults. The method used in this study could show the similar overview of Japanese intestinal microbiotas and antibiotics treated microbiotas to those which have been reported with many kinds of cultivation independent methods. However, we could specify Prevotella possessing rate in the microbiotas of Japanese healthy adult, which were different from African and European rates. Comprehensive understanding of complicated microbiota has been limited by the significant cost of current research methods. A pyrosequencing method needs high-priced equipment and a lot of times to analyze enormous quantity of data. 30) Therefore, a pyrosequencing method is unsuitable for daily clinical practice. DNA finger printing methods such as Denaturing gradient gel electrophoresis (DGGE) and T-RFLP method allow comparison between samples with reduced expense. However, these methods are poor to taxonomic resolution and sensitivity, and have various disadvantages such as difficulty of reproducibility between gels. 30) On the other hand, we could evaluate an overview of an intestinal microbiota using ordinal equipment with reproducibility. In order to support a daily medical care, it is an important point to obtain results rapidly. At this point, the method in this study could get them within 3 d. Therefore, it would provide useful information to medical doctors for appropriate antibiotic treatment. It would contribute for prevention of spreads of antibiotic resistant pathogens and nosocomial infection.
